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(54) Backlight device for a liquid display 

(57) A laackliglit device for a color liquid crystal dis- 
play includes a high-voltage generating means includ- 
ing a d.c. power source, an inverter and a switch 
interposed between the d.c. power source and the 
inverter to control the output supplied from the high-volt- 
age generating means. Connected to the high-voltage 
generating means are three cold cathode-ray tubes in 
parallel for generating three colors, red, green and blue, 
and connected in series to respective cold cathode-ray 
tubes are switching means which may be bi-directional 
thyristors which are readily available, inexpensive, 
resistant to high voltages and permit a current to flow in 
both directions. By controlling both the output of the 
inverter and ON/OFF actions of the snitching means in 
combination, lighting of cold cathode-ray tubes can be 
controlled by using a single inverter. 
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Description 

BACKGROUND OF THE INVENTION 
Field of tlie Invention 

[0001] This invention relates to a l3acl<light device for 
a transmission-type liquid crystal display, especially of a 
field sequential system. 

Description of the Related Art 

[0002] Recently, colored liquid crystal displays are 
widely used for displaying color images in note-type per- 
sonal computers or compact liquid crystal TV monitors. 
[0003] Except for special rare systems, display of 
color images on color liquid crystal displays relies on 
color filters. 

[0004] In liquid crystal display devices combined with 
color filters to display color images, three dots of differ- 
ent colors, namely, red, green and blue, are combined to 
display a desired color. However, color filters are very 
expensive and need a high accuracy when bonded to 
panels. Moreover, they need a triple number of dots to 
ensure an equivalent resolution as compared with 
black-and-white liquid crystal display panels. Therefore, 
typical liquid crystal color panels require a triple number 
of drive circuits in the horizontal direction. This means 
an increase of the cost of drive circuits themselves and 
the cost for an increased man-hour for connecting drive 
circuits to the panel at a triple number of points. Thus, 
from the economical viewpoint, the use of color filters 
with liquid crystal panels to display color images 
involves many disadvantages. 
[0005] Another problem with color filters is their optical 
transmittance as low as 20% approximately When color 
filters are used, the luminance decreases to approxi- 
mately one fifth, and a large electric power is consumed 
for backlighting to compensate the luminance. 
[0006] Japanese Patent Laid-Open 1 -1 7991 4 (1 989) 
discloses a color liquid crystal display device employing 
a field sequential system to display color images by 
combining a black-and-white liquid crystal panel and tri- 
color backlighting instead of using color filters. Cer- 
tainly, this method appears more likely to realize high- 
fidelity color images inexpensively. As to tricolor back- 
lighting, Japanese Patent Applications Nos. 7-271994 
and 8-49476 propose the use of three cold cathode-ray 
tubes generating three colors, red, green and blue, 
which are packaged in a space equivalent to that of a 
thin-type backlight device using conventional white cold 
cathode-ray tubes and optical guide plates. 
[0007] However, an inverter circuit required to gener- 
ate a high voltage for lighting the cold cathode-ray tubes 
is difficult to switch by means of an inexpensive semi- 
conductor switch, and it was necessary to connect 
inverters to respective cold cathode-ray tubes so as to 
control lighting of three cold cathode-ray tubes by con- 



trolling outputs of three inverters. Moreover, although 
the lighting time is reduced to less than one third, the 
peak current does not change so much. Therefore, coils 
and other elements cannot be miniaturized, and three 

5 inverters of the same size as conventional inverters 
must be used. This is a serious problem in applications 
to note-type personal computers for which miniaturiza- 
tion is one of most important requirements. Also from 
the economical viewpoint, inverters are expensive as 

10 much as several times the cost of cold cathode-ray 
tubes. 

[0008] There is another approach as shown in Fig. 3 
in which switches 8, 9 and 1 0 made of bi-directional thy- 
ristors, which are readily available, inexpensive, resist- 

15 ant to high voltages, and permit electric current to flow 
in opposite directions, are connected in series to three 
cold cathode-ray tubes 5, 6 and 7 generating three 
colors, red, green and blue, so as to apply a voltage to 
them from a high-voltage generating means 4a made 

20 up of a d.c. power source 1 and an inverter 3. 

[0009] However, when a voltage is applied from the 
high -voltage generating means 4a, resistance to volt- 
age of these switches 8, 9 and 10 made of the bi-direc- 
tional thyristors is not sufficient under the condition 

25 where all of the switches are turned OFF, which results 
in electric discharge in one or more of these cold cath- 
ode-ray tubes 5, 6 and 7 and in failing to light off com- 
pletely 

[0010] Therefore, it has been considered difficult to 
30 control lighting of cold cathode-ray tubes by bi-direc- 
tional thyristors, and conventional technologies were 
compelled to independently connect inverters 3a. 3b 
and 3c to individual cold cathode-ray tubes 5, 6 and 7 as 
shown in Fig. 4 and to control lighting of the cold cath- 
35 ode-ray tubes 5, 6 and 7 by controlling the supplied 
power source to respective inverters 3a, 3b and 3c by 
switches 2a, 2b and 2c. Therefore, the above-indicated 
problems still remain. 

40 SUMMARY OF THE INVENTION 

[001 1 ] It is therefore an object of the invention to pro- 
vide a backlight device for a field sequential liquid crys- 
tal display which can control lighting of three cathode- 
45 ray tubes with a single inverter. 

[001 2] According to the invention, there is provided a 
backlight device for a liquid crystal display, comprising: 

high-voltage generating means whose output can 
50 be controlled; 

a plurality of discharge tubes connected to the high- 
voltage generating means; and 
a plurality of switching means each connected in 
series to each discharge tube. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a block diagram of a backlight device s 

according to an embodiment of the invention; 

Fig. 2 is a timing chart of the backlight device 

according to the embodiment; 

Fig. 3 is a block diagram of a conventional backlight 

device; and io 

Fig. 4 is a block diagram of another conventional 

backlight device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 15 

[0014] Explained below is an embodiment of the 
invention with reference to the drawings. 
[0015] Fig. 1 is a block diagram showing a preferred 
embodiment of the invention, in which a d.c. power 20 
source 1 , a semiconductor switch 2 made of a transis- 
tor, for example, and an inverter 3 form a high-voltage 
generating means 4 whose output can be controlled. 
[001 6] Connected to the output-controllable high-volt- 
age generating means 4 are three cold cathode-ray 25 
tubes 5, 6 and 7 in parallel for generating three colors, 
red, green and blue, and connected in series to respec- 
tive cold cathode- ray tubes 5, 6 and 7 are switching 
means 8, 9 and 10 made of bi-directional thyristors 
which are readily available, inexpensive, resistant to 30 
high voltages and permit a current to flow in opposite 
directions. 

[0017] In the embodiment shown here, by using the 
switch 2 for controlling the power source of the inverter 
3 in the high-voltage generating means 4 in addition to 35 
the switching means 8, 9 and 10 made of bi-directional 
thyristors serially connected to the respective cold cath- 
ode-ray tubes 5, 6 and 7, an by controlling the switch 2 
and the switching means 8, 9 and 10 in combination, 
electric discharge from the cold cathode-ray tubes 5, 6 40 
and 7 can be controlled stably 
[0018] In greater detail, if a high voltage is applied 
from the high-voltage generating means 4 when all of 
the bi-directional thyristors as switching means 8, 9 and 
10 are OFF, electric discharge occurs in one or more of 45 
the cold cathode-ray tubes 5, 6 and 7. However, by turn- 
ing off the switch 2 forming the high-voltage generating 
means 4 to thereby decrease the output voltage of the 
inverter 3 under the critical voltage value for starting 
electric discharge, electric discharge of all cold cath- so 
ode-ray tubes 5, 6 and 7 can be prevented. 
[001 9] As to lighting of a cold cathode-ray tube 5, 6, 7 
in the field sequential system, it is important that only 
one of red (R), green (G) and blue (B) cold cathode-ray 
tubes (CCRT) 5, 6 and 7 be turned on at a certain point 55 
of time and that an interval of several milliseconds be 
interposed after a cold cathode-ray tube 5, 6 or 7 is 
turned off before a next cold cathode-ray tube 5, 6 or 7 



4 

is turned on. 

[0020] Fig. 2 shows a timing chart showing ON/OFF 
states of respective switching means 9, 9, 10 and three 
cold cathode-ray tubes (CCRT) 5, 6 and 7 which are 
determined to meet the above-mentioned requirements. 
In this manner, it is ensured that only one of the switch- 
ing means 8, 9 and 10 is turned ON when the switch 2 
is turned ON and a high voltage is supplied from the 
inverter 3. In this case, if the cold cathode-ray tubes 5, 6 
and 7 are equal in critical voltage for starting electric 
discharge, then only one of the cold cathode-ray tubes 
5, 6 and 7 serially connected to the ON-state switching 
means 8, 9 or 10 is turned on. 

[0021] When selected one of the cold cathode-ray 
tubes 5, 6 and 7 is turned on, the output voltage of the 
inverter 3 decreases. Therefore, electric discharge does 
not occur in the other cold cathode-ray tubes 5, 6 or 7 
serially connected to the OFF-state switching means 8, 
9 or 10. That is, it is ensured that selected one of the 
cold cathode-ray tubes 5, 6 or 7 be lit reliably and the 
other cold cathode-ray tubes 5, 6 or 7 do not discharge 
electrically. 

[0022] In the timing chart of Fig. 2, after the switch 2 
is turned ON and before a high voltage is supplied from 
the inverter 3, one of the switching means 8, 9 and 1 0 is 
turned ON. This is done to ensure that a cold cathode- 
ray tube 5, 6 or 7 connected to the ON-state switching 
means 8, 9 or 10 never fails to light on. Usually how- 
ever, since the time after the switch 2 is closed to power 
the inverter 3 and before the inverter 3 supplies a high 
voltage is longer than the time before one of the switch- 
ing means is turned ON, the switching means may be 
turned ON simultaneously with application of the high 
voltage from the inverter 3. Additionally the timing chart 
shown in Fig. 2 provides an interval after the switch 2 is 
turned OFF and before all of the switching means 8, 9 
and 10 are turned off. This is done, accounting for the 
time required for the output of the inverter 3 in the high- 
voltage generating means 4 to decrease below the crit- 
ical voltage value for the cold cathode-ray tubes to start 
electric discharge, which will be necessary in some 
kinds of inverters. In the above-explained manner, light- 
ing of cold cathode-ray tubes 5, 6 and 7 can be control- 
led reliably. 

[0023] As described above, the invention makes it 
possible to control three cold cathode-ray tubes with a 
single inverter. That is, the invention decreases the 
number of inverters into one third, and can realize an 
inexpensive, compact system. Moreover, depending 
upon an appropriate arrangement of the switching 
means serially connected to the cold cathode-ray tubes, 
a more compact system can be obtained by decreasing 
lines loaded with a high voltage into one. 
[0024] Additionally, since the input of the power 
source to the inverter is OFF when all cold cathode-ray 
tubes are OFF, useless power consumption can be pre- 
vented. 

[0025] The invention is applicable not only to field 
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sequential backlight devices but also to various types of 
systems using a plurality of discharge tubes while 
switching their lighting. 

Claims 5 

1. A backlight device for a liquid crystal display, com- 
prising: 

high-voltage generating means whose output io 
can be controlled; 

a plurality of discharge tubes connected to said 
high-voltage generating means; and 
a plurality of switching means each connected 
in series to each said discharge tube. is 

2. The backlight device for a liquid crystal display 
according to claim 1 wherein only one of said 
switching means is in an electrically conductive 
state in the period where a high voltage is output 20 
from said high-voltage generating means. 

3. The backlight device for a liquid crystal display 
according to claim 1 or 2 wherein said switching 
means are bi-directional thyristors. 25 

4. The backlight device for a liquid crystal display 
according to claim 1 , 2 or 3 wherein said discharge 
tubes are three cold cathode-ray tubes for generat- 
ing red, green and blue light, respectively 30 

5. The backlight device for a liquid crystal display 
according to any one of claims 1 through 5 wherein 
said high-voltage generating means is controlled in 
output by controlling the power source supplied 35 
thereto. 
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FIG. 2 





6 



EP 0 920 052 A1 



3 




EP 0 920 052 A1 




8 



EP 0 920 052 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 12 2477 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lnLCI.6) 


Y 


PATENT ABSTRACTS OF JAPAN 
vol. 017, no. 187 (P-1520), 12 April 1993 
& JP 04 338995 A (FUJITSU GENERAL LTD), 
26 November 1992 

* abstract * 

-& JP 04 338996 A 

* figures 1,2 * 


1,2,4,5 


H01J61/96 


Y 


PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 101 (E-1177), 12 March 1992 
& JP Q3 280352 A (TOSHIBA LIGHTING & 
TECHNOL CORP), 11 December 1991 

* abstract * 

-& JP 03 280352 A 

* figures 1,8 * 


U2.4,5 




A 


PATENT ABSTRACTS OF JAPAN 
vol. 018. no. 551 (E-1619), 
20 October 1994 

& JP 06 203983 A (MINEBEA CO LTD), 


1-5 






22 July 1994 
* abstract * 




TECHNICAL FIELDS 
SEARCHED (lntCI.6) 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 584 (P-1823), 

o NovemDer iyyH 

& JP 06 214522 A (SONY CORP), 

5 August 1994 

* abstract * 


1,5 


HOIJ 

G02F 
H05B 
H04N 
G09G 


P.X 


PATENT ABSTRACTS OF JAPAN 

vol. 098, no. 013, 30 November 1998 

6 JP 10 207400 A (CANON INC), 

7 August 1998 
* abstract * 

-/" 


1,5 




The present search report has been drawn up for all claims 







Place of search 

BERLIN 



Date of completion of the search 

22 March 1999 



Examiner 

MANMTZ, W 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

ctocument of the same category 
A : technological background 
O : non-written disclosure 
P : internnediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : dooument cited for other reasons 

& : member of the same patent family, corresponding 
document 



9 



EP 0 920 052 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 12 2477 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.6) 



D,A 



PATENT ABSTRACTS OF JAPAN 
vol. G13, no. 450 (P-946), 18 October 1989 
& JP 01 179914 A (NEC CORP), 18 July 1989 
* abstract * 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



The present search report has been drawn up for all claims 



Place of search 

BERLIN 



Date of completion of the search 

22 March 1999 



Exanuner 

MANNTZ. W 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if connbined with another 

document of the same category 
A : technological background 
O : non-written discbsure 
P : Intermedtate document 



T : theory or principle underlying the Invention 
E : earlier patent document, t>ut published on, or 

after the filing date 
D : docunnent cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



10 



